26) Publication Language: English (84) Designated States (unless otherwise indicated, for every (30) Priority Data: kind of regional protection available): ARIPO (BW, GH, 61/193,
2009/0215073 A l (Appl. No. 12/289, 736) and in Clinica Chimica Acta 376 (2007) 9-16 and the Journal of Molecular Diagnostics, Vol. 9, No. 3, July 2007 pgs. 297-304 (each of these references are incorporated herein in their entirely). An LPA is a stack of TEMs, each of which is coated with a different peptide or protein antigen; each layer in the stack has a specific affinity to a different antibody. Antibodies to target proteins are applied to the tissue section in much the same manner as in immunohistochemistry. After washing, the antibodies are released from the tissue section and passed vertically through the peptide-coated TEMs while maintaining their two-dimensional position. The antibodies are specifically captured by the target layer to which a mimic of the natural target antigen has been coated.
Alternatively, Emmert-Buck et al. disclose use of a cocktail of conjugated antibodies (a primary antibody attached to a transfer or "shuttle" antibody) that can be applied to the tissue; the shuttle antibody is then cleaved and captured on a complementary affinity ligand coated upon a layer of the stack. The layers of the stack are then separated, and the transfers are read.
The Layered Peptide Array approach, which is a subset of related techniques known in the literature as "Layered Expression Scanning (LES)", significantly increases the number of markers quantifiable per tissue section.
(See U.S. Patent Nos. 7, 214, 477, 6, 969, 615, 6, 602, 661 Importantly, LPAs and LES permit the analysis of multiple biomarkers in various 2-D samples such as tissue sections while preserving the localization of these biomarkers. In other words, when used with tissue sections this approach combines classical pathology with multiplex array based technologies. These techniques address important unmet needs in the emerging field of "Personalized Medicine" -the development and use of therapies specifically targeted to the disease characteristics of individual patients is widely predicted to be the key driver of 2 1 st century medicine. Better diagnostics linked to drugs are anticipated to significantly improve patient outcomes while reducing healthcare costs by avoiding prescriptions of expensive drugs that prove ineffective for many patients. Many of the new targeted therapies that have come to market in recent years cost over $75,000 per patient per
year but are effective in only a narrow subset of patients (-15%) to whom they are administered. Thus, there is an urgent and compelling need for new diagnostic tests that can accurately predict whether a particular targeted therapy will work for a particular patient.
Unfortunately, neither conventional techniques for tumor analysis nor newer detection technologies have proven adequate to meet this need. These techniques typically fail either in their multiplex capability or their ability to preserve the shape and morphology of the tissue section which is often needed for accurate diagnosis.
Newer multiplex technologies such as DNA microarrays or mass spectrometry (MS) , as well as older ELISA based techniques, require that samples be homogenized. Yet, a typical biopsy sample would present only a small minority of infiltrating tumor cells of interest. Those cells would be surrounded by numerous other types of cells (normal cells, fibroblasts, lymphocytes, vascular cells etc.) presenting dissimilar gene expression and cell signaling profiles, which are potential biomarkers and drug targets. In a visual field of an invasive tumor, an important issue to a pathologist is whether the tumor cell population is molecularly homogeneous or whether there exist sub-clones within it with distinct transcriptomic or proteomic profiles (Uhlen M et al., 2005, A human protein atlas for normal and cancer tissues based on antibody proteomics. MoI. Cell Proteomics. 4:1920 -1932 , incorporated herein by reference).
Very small tissue samples such as core needle biopsies are currently being taken from small tumors for performing a tumor-specific molecular diagnosis to enable personalized drug treatments. Additionally, advancement of personalized medicine has been stymied by a paucity of technologies that can effectively derive predictive biomarkers from diseased tissues. In the case of cancer, there is a particular need for techniques that can profile multiple biomarkers in tumor sections, since most of the newer targeted therapies interact with numerous signaling proteins (Faivre S et al., New paradigms in anticancer therapy:
targeting multiple signaling pathways with kinase inhibitors. Semin. Oncol. 2006; 407-20, incorporated herein by reference.).
It would therefore be desirable to have an approach for analyzing multiple biomarkers in tissue and other biological samples that overcomes the aforementioned limitations of the LPA method by providing TEMs coated with capture probes that remain more permanently bound thereto, that can be manufactured in an efficient, cost-effective, and reproducible manner, and that can be engineered for the properties of highly specific ligand binding in predictable and variable ways.
SUMMARY
Disclosed is method of analyzing tissue sections (and other 2-D samples) in a manner that provides information about the presence and expression levels of multiple biomarkers (or other targets) at each location within the tissue section.
In short, the method utilizes a plurality or stack of permeable layers (TEMs or gels) each having a specific oligonucleotide (capture strand) covalently bound thereto so as to create affinity layers. A plurality of antibodies (primary or secondary) are also provided, each of which is conjugated via a cleavable bond to an oligonucleotide (transfer strand) that is complementary to the capture strand. A flourophore or other detectable moiety may be attached to the transfer strand.
These conjugated antibodies are applied to the tissue section (or other sample of interest) and unbound antibodies are washed or otherwise removed. The affinity membrane stack is then applied to the tissue section. The transfer oligonucleotide is then cleaved from the conjugate antibody and migrates through the stack until the transfer oligonucleotide hybridizes to the layer coated with its complementary capture strand.
When used with tissue sections, the layers may then be analyzed by a number of imaging modalities to generate data showing the presence and expression levels of multiple biomarkers (or other targets) at a given location within the tissue section.
Included in the disclosure is a method of covalently binding fixed oligonucleotides to TEM layers that prevents their migration to adjacent layers when the transfer of corresponding transfer oligonucleotides through the stack is underway.
Also disclosed are methods that use capture oligonucleotides conjugated to layers that are formed from transparent, hydrophilic, polymeric hydrogel types of materials, such as those of natural origin (e.g. an agarose) or of synthetic origin (e.g. a polyacrylamide).
Also disclosed are methods of imaging the processed layers following transfer including a method for the serial analysis of an entire stack that need not be separated.
Also disclosed are methods of analyzing images generated with the present invention using software and the like in a manner that, when used with tissue sections, can assist a clinician with medical decision making.
With the foregoing and other objects, advantages, and features of the disclosure that will become hereinafter apparent, the nature of the disclosure may be more clearly understood by reference to the following detailed description of the disclosure, the appended claims and to the several views illustrated in the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the present disclosure will be evident from the following detailed description, with like reference numbers referring to like items throughout. washings with 6x SSPE buffer (1), in the last washing with that buffer (2), in following washings with 10% (3-5) and 30% (6) acetonitrile, and in the resulting membranes (7) washed again with the SSPE buffer. which comprises multiple layers of track-etched membranes ("TEMs") 14 (a-c) each coated with a different, specific oligonucleotide 16 (a-c), typically a capture strand, which may be referred to as a "capture oligonucleotide" that is covalently bound to membranes 14. A plurality of oligonucleotide / antibodies conjugates 18 (a-c) are also provided, each of which comprises an antibody 20 (a-c), which may be a primary or secondary antibody, attached to a cleavable transfer oligonucleotide 22 (a-c) which is complimentary to capture strand oligonucleotides 16. A fluorescent-tag 2 1 may be attached to each oligonucleotide 22.
While only a three layer stack 12 and three oligonucleotide / antibodies conjugates 18 are illustrated in FIG. 1 it should be appreciated that substantially more layers and conjugates can be employed depending on the number of targets sought to be identified. Ten, 20, or even 30 or more layers can be employed, for example.
With reference to frames C-E of FIG. 1 use of a preferred embodiment of the present invention to analyze multiple biomarkers in a tissue section is illustrated. Oligonucleotideantibody conjugates 18 (a-c) are applied to a tissue section 24 that is mounted to a glass slide 26. In the illustration shown in FIG. 1, tissue section 24 has three distinct targets or biomarkers 28 (a-c) of interest although 10, 20, or even 30 or more biomarkers (e.g. cell signaling proteins) can be analyzed using the present invention. After conjugates 18 bind to targets 28 unbound antibodies are washed or otherwise removed from tissue section 24 (not shown). Affinity membrane stack 12 is then applied to tissue section 24. Transfer oligonucleotides 22 (a-c) are then cleaved from conjugate antibodies 20 (a-c) and migrate (upward) through stack 12 (a-c) until transfer oligonucleotides hybridize to their complementary capture strands 16 (a-c) on a particular layer 14 (a-c).
Following transfer and binding of transfer oligonucleotides 22 to the appropriate layer in stack 12 and washing of unbound oligonucleotides, the membranes are separated and scanned or imaged using one of several imaging devices discussed in the sections that follow. The fluorescence intensity per unit area and location on the membrane may then be recorded.
These images may then be overlaid upon one another and on a corresponding bright field image of the histochemically stained tissue section using image analysis software and analyzed.
In an alternative embodiment affinity membranes stack 12 may be comprised of generally transparent TEMs enabling them to be imaged together as a stack without the need for separation (FIG. 16 ) as described in the sections that follow.
It should be readily apparent that while FIG. 1 shows use of the present invention for analysis of tissue sections, affinity membrane stack 12 can be employed for a variety of other applications including use in biosensors to detect pathogens or other environmental analytes.
Definitions
The following terms shall have the following meanings as used in this Specification:
"Antibodies" means here in general, any of the following types of analyte-specific reagents: a classical antibody produced in an animal host or a fragment thereof such as a Fab fragment; a variety of recombinant antibody proteins either incorporating or consisting of an antibody fragment or a synthetic ligand selected for its target-binding specificity; synthetic nucleic acid aptamers that performs an analogous function; or in general any kinds of synthetic or semi-synthetic reagents that are engineered or selected to provide an appropriate functionality, namely, to enable the delivery of a signaling oligonucleotide to a specific target molecule in a specimen.
"Antigens" means those target molecules that are used to elicit in vivo, or simulate in vitro, a humoral immune response of an animal, with the intention of obtaining specific antibodies therefrom that recognize one or more of the most characteristic epitopes in that target molecule.
"Capture strand" means an oligonucleotide that is covalently bonded to an assay-specific supportive layer. The capture strand comprises a complementary sequence to the specific transfer strand of an assay in accordance with one embodiment herein.
"Epitopes" means those characteristic portions of an antigenic target molecule to which target-specific antibodies make physical contact in the act of specific binding to that molecule.
"Multiplex" means a capability to perform more than one assay on the same specimen at the same time and, in particular, the use of a set of chemically distinctive physical layers as a substrate upon a set of assays is organized and performed in parallel.
"Oligonucleotides" or "ODNs" means a linear sequence of nucleotides joined by phosphodiester bonds. DNA polymers containing up to 50 nucleotides (or base pairs if double stranded) are generally termed oligonucleotides, and longer polymers are called polynucleotides. "Oligonucleotides" is used synonymously with " polynucleotides" for the present purposes. The oligonucleotides of the invention can range up to a few hundred nucleotides but are generally of a minimum of around 18-25 nucleotides in length if only naturally occurring chemical types are used. The nucleotides can be as short or as long as desired, and they may include protein binding segments such as aptamers, as long as selfhybridization and extrinsic molecular binding activities do not impair the reagent's functionality The oligonucleotides may also comprise peptide nucleic acids (PNAs), locked nucleic acids (LNAs), or other types of chemically modified nucleic acids including a cleavable disulfide bond. The oligonucleotide may be single stranded, or it may incorporate an internal duplex segment that is formed by the hybridization of its own self-complementary sequences.
The oligonucleotide also may incorporate fluorescent tags and optional fluorescence quencher units.
"Transfer strand" means an oligonucleotide that is released from an analyte-or targetspecific reagent (such as an antibody) that carries information about the position on the specimen surface of the target-specific reagent which is also the position of the target. The transfer strand comprises a complementary sequence to the specific capture strand of an assay.
"Sense" and "antisense" are terms which may be used here solely to distinguish two complementary oligonucleotide sequence tags, without meaning any biological connotations.
"Track-etched membranes" means membranes formed by a process that creates well-defined pores by exposing a dense film to ionizing radiation forming damage tracks. This is followed by etching of the damaged tracks into pores by a strong alkaline solution.
Methods of Preparing and Coating the Membranes a. Membranes
The membranes employed as substrates are preferably "track-etched' membranes (TEMs).
TEMs were invented and patented by General Electric (GE) The pore density of the TEM may be between about 10 7 and 10 9 but is preferably about 10 8 .
The pore size of the TEM may be between about 0.1 µm and 3 µm but is preferably 0.2 or 0.4 µm . The membrane thickness may be between about 5 µm and 20 µm but is preferably about 10 µm . The total surface area including the interiors of the pores may be between about 10 and 50 cm 2 /cm 2 of membrane surface but is preferably about 15 cm 2 /cm 2 .
In an alternative embodiment transparent TEMs may be employed in lieu of conventional opaque membranes. A representative transparent membrane that may be used is Cyclopore Digital image stacks of the data set are subsequently analyzed to quantitate the local signal intensity of each assay target, also serving to allow for orientation of all assays with respect to an image of the target cells (such as tumor cells) present in the same tissue section 36 as obtained after subsequent conventional staining (i.e. with hematoxylin and eosin).
Inert layers may be used to separate some or all assay layers (to facilitate an optical analysis without disassembling the layers), and one or more layers may be used to release reagents that cleave the oligonucleotides from antibodies, or that alter the effective stringency of the oligonucleotide hybridization conditions. The layers may be supported on a firm substrate, which may be both transparent and thin enough so that it does not interfere with a microscopic examination (i.e. less than 120 microns); also the layers may be joined at one or more edges (e.g. by a process of local heating, use of an adhesive or ultrasound, etc.) to facilitate further treatments subsequent to transfer while preserving their alignment.
In another embodiment of the disclosure, the material of the layers can be composed of a hydrogel type of substance such as polyacrylamide or agarose layers. These layers may be transparent, and thus the entire stack of layers can be examined by the use of a confocal microscopy without separation of the layers. The microscopy instrument 32 may be used with transparent hydrogel layers.
b. Oligonucleotides
Capture oligonucleotides 16 are preferably linked to one (or more) primary amino groups through a carbon spacer positioned at the 3' and/or 5' terminals (FIG. 5 ). The oligonucleotides are preferably between 18 and 28 nucleotides in length (if composed of natural nucleotides only) and most preferably between about 20-24 nt long with an amino linkage having the formula:
with n= 2-7.
The amino linkage is to either the 3'-or 5'-phosphate end of the oligonucleotide. At the opposite end, some oligonucleotides may also contain a linked fluorophore, Cy5 or fluorescein. Fluorophore-labeled oligonucleotides may be purified by HPLC, or by a standard desalting upon their synthesis. These amino linked oligonucleotides can be ordered from one of many companies or they can be prepared by one who is skilled in the art of oligonucleotide synthesis.
c. Attaching the Oligonucleotides to the Membranes
It is a particular feature of the present invention that the aminated oligonucleotide is attached to the TEM in the presence of a carbodiimide (FIG. 5) or an equivalent condensing agent such as triphenylphosphine / dipyridyl disulfide or triphenylphosphine / carbon tetrachloride To increase the efficiency and quality of the carbodiimide attachment process the TEMs are preferably pre-treated in the following manner. Alternatively, other solutions may be used for degassing the membrane. These solutions tend to be base solutions that do not adversely affect the membrane. Another buffer that may be used is a 1-methylimidazole buffer.
The buffer solution system is designed to keep the pH constant in the course of a reaction. In the present case, beside the ability to keep pH 5.8-6.2, the buffer must not react with carbodiimide or intermediates it forms with a carboxylic acid. The base pH range may be broader than that presented supra, depending on the conditions and chemicals used. Quoting from "Bioconjugate Techniques," it should be noted that "other (then MES) buffers may be used as long as they don't contain groups that can participate in the carbodiimide reaction.
Generally, it helpful to avoid carboxylate-or amine-containing buffers such as citrate, acetate, glycine, or Tris." Alternatively, the reaction can be conducted without any buffer by controlling the pH with pH-meter and adding HCl manually.
Other methods of degassing may be used, as long as the integrity of the track etched membrane is kept intact, and provided that the solution used does not interfere with the condensation reaction.
Following membrane degassing and oligonucleotide preparation the TEMs are saturated with the oligonucleotides and given time to adsorb to the degassed track etched membranes. It is also advantageous to saturate the membranes with the aminated oligonucleotide prior to exposure and treatment with the condensing agent. This is accomplished by adding the oligonucleotide solution to the buffer solution in which the membranes were degassed, after which the solution containing the condensing agent is added.
Antibody I Oligonucleotide Conjugates
With reference to FIGs. 1 and 2, antibody / oligonucleotide ("Ab/oligo") conjugates 18, 38 or 40 are designed to work with the affinity TEMs 14 by detecting the targets 28 in the tissue sample 24 and releasing a fluorescently tagged transfer oligonucleotide 23, 32 or 36 to bind to a corresponding layer 14 in stack 12 containing capture oligonucleotide 16. A preferred assay specific ligand is an oligonucleotide transfer strand, such that, as in the figure, a specific oligonucleotide transfer strand is attached to a specific antibody, which is in turn is uniquely attached to a specific antigen when applied to tissue 24.
In a preferred embodiment, the oligonucleotide is linked to an antibody domain that is not directly involved in binding of the antibody to its target antigen. Secondary antibody conjugates may be used to detect unconjugated primary antibodies, provided that for the use of multiple secondary antibodies in multiplex mode, an immunological difference between the specificity of the different secondary antibodies would be required (e.g. anti-rabbit vs.
anti-mouse). In another embodiment, a secondary antibody can be complexed with a primary antibody before the primary is applied to the tissue section. Where the bifunctional crosslinker may contain a labile bond that as previously described, which bond may be cleaved by a reducing agent or other means recognized by a person of ordinary skill in the art. Biotinylated oligonucleotides 32 are reacted with this to form complex 38. In a related embodiment a biotinylated primary antibody 30 is used.
Biotinylated oligonucleotides 32 are bound to the tetravalent molecule streptavidin to form conjugate 36. The biotinylated oligonucleotides 32 may contain a labile bond, which may be cleaved by a reducing agent or other means recognized by a person having ordinary skill in the art. Conjugate 36 is then reacted with biotinylated antibody 30 to form a complex 40.
The link between the antibody and the transfer oligonucleotide preferably may be provided with a labile bond, which may be either covalent or noncovalent. This bond allows the transfer oligonucleotide to be decoupled from the antibody (or intermediary antibody-binding ligand) so as to solubilize the oligonucleotide separately from the tissue for transfer to the capture strand in a layer. Various chemicals and processes for breaking the antibodyoligonucleotide bond can be used; for example, beta-mercaptoethanol can be used to break a disulfide bond; or one could dissociate a duplex consisting of a linker strand that is covalently linked to the antibody and a complementary transfer strand by increasing the temperature to exceeded the melting temperature of that duplex by at about 10-20°C . Interactions of oligonucleotide-conjugated primary antibodies with tissue and of released transfer oligonucleotides with capture strand-coated membranes is illustrated in FIG. 1. The migration of the transfer oligonucleotide may be facilitated by cleavage of the bond that attaches the transfer oligonucleotide to the antibody. There are a number of ways known in the art to break the bond, which are surveyed in Bioconjugate Techniques, Second Edition, by G . T. Hermanson, Elsevier 2008 which is incorporated herein by reference in its entirety).
In one embodiment, the bond may be broken by gentle heating (37-55°C.) after the stack has been applied to the bound sample, i.e. during the transfer.
In another embodiment, an ancillary chemical, which could be a stabilized reducing agent such as beta-mercaptoethanol or TCEP (Thermo Pierce cat. no. PI-77720, the manual for which is herein incorporated by reference) is pre-positioned in the layers at a working concentration therein, and upon contact of the outermost layer with the specimen, reacts with the crosslinker, causing rapid and complete cleavage of the crosslinker structure between the antibody and the tagged oligonucleotide within 1-60 minutes.
Alternatively, other linkage structures could be used to enable solubilization of the oligonucleotide from the antibody. Such linkages include but are not limited to a photosensitive linkage, or an oligonucleotide subsequence that could bind a chemical such as an enzyme that would cause localized cleavage within the oligonucleotide. There are numerous chemical structures that would allow for an easily breakable bond between the oligonucleotide and the antibody. Displacement by competitive binding of another oligonucleotide could be used to release the assay-specific ligand.
In the process, one type of specific capture molecule (the capture oligonucleotide strand) is attached to each of said vertically ordered, bioaffinity layers. The assay-specific ligands (transfer oligonucleotides) that are attached to the primary or secondary antibodies (which here exemplify the class of analyte-specific ligands) are released from the tissue sample (by application of a chemical or by mild heating to 37-55°C), and they necessarily diffuse away from the specimen, along a direction of movement which is determined by the vector of their chemical concentration gradient. Each of the assay specific ligands (e.g. a transfer oligonucleotide) passes through the stack until it meets a bioaffinity ligand (the capture oligonucleotide which is to it the antisense strand) to which it specifically binds according to the pertinent type of bioaffinity chemistry (e.g. formation of duplex DNA). It should be noted that in some cases the antibody, still attached to the transfer strand, migrates with the transfer strand, with no adverse effects to the reading of the results.
If a secondary antibody rather than a primary antibody is conjugated with an oligonucleotide, normal care must be taken to avoid cross reactions with different primary antibodies. Either those primary antibodies must be distinguishable by their respective secondary antibodies, or a complex of a primary antibody and monovalent secondary antibody fragment could be formed prior to application of the mixed antibody complexes to the tissue specimen (not illustrated . 15) . In lieu of a fluorescent tag various methods may be employed to detect duplexes of the oligonucleotides. A double-strand specific DNA binding dye may be used analogously to a real time PCR detection method, such as SYBR Green I available from Invitrogen, Inc.
(Carlsbad, CA).
Uses and Applications of Coated Membranes and Conjugates
Oligonucleotide coated affinity membranes 12 and Ab/oligo conjugates 18 may be used in a variety of configurations for a variety testing purposes. One important application, illustrated in FIG.l and described in Examples 8-10, involves the profiling of multiple biomarkers in a tumor section. For this application a tumor is sectioned and prepared according to standard clinical pathology processes for routine immunohistochemistry (IHC) analysis ('special staining') except that Ab/oligo. conjugates 18 are used in lieu of standard IHC antibodies. (It should be appreciated that virtually any IHC antibody can be conjugated with an oligonucleotide according to the processes described herein.)
Membranes 12 or 14 are then dipped into an oligonucleotide binding buffer containing a reducing / releasing agent, such as one that can cleave the disulfide bonds in the Antibody/oligonucleotide conjugates 18 such as TCEP or beta-mercaptoethanol. The membranes are assembled into a stack 12 in a chosen order as to the identity of the oligonucleotides coated on them, which ordering serves to spatially organize the assays which are to be performed.
Following application and binding of conjugates 18 to tissue section 24 the tissue sample is rinsed with binding buffer without a reducing / releasing agent, and membrane stack 12 is placed directly on top of the tissue section. The excess buffer volume is expressed from the stack by enclosing it between protective layers and applying gentle pressure. In a preferred embodiment, the stack is first assembled and then applied to a specimen surface where a remnant of wash buffer persists from the last specimen wash step. The excess wash buffer is then expressed from the specimen surface by applying a weight or mechanical pressure to the entire assembly. Both the tissue section and membrane stack are preferably enveloped in a fluid impermeable enclosure (e.g. plastic bag) and kept moist throughout the transfer process.
When membrane stack 12 is applied to the tissue specimen a weight or similar pressuring device such as spring metal clips (not shown) may be applied to express an excess buffer volume and assure uniform contact with the tissue specimen throughout the transfer process.
The enclosed stack and slide mounted tissue section are then incubated for an optimal time (between about 10 minutes and 4 hours) and a temperature range of between room temperature and 70°C depending on the requirements of the kinetics of the chemical reactions which are being performed; such requirements could include the concentration of a reducing agent, the diffusion rate of a transfer strand through the type of substance used to form the layered supports, etc.
In an embodiment in which a transfer strand is linked to an antibody through a disulfide bond, the reducing agent functions to cleave the transfer oligonucleotide strands 22 from antibody 20, or transfer strands 32 from complex 38 or 40, or complex 36 from antibody 30.
The transfer strands then diffuse upward through the porous membrane stack and bind to the membrane layer 14 supporting the complimentary oligonucleotide strand as shown in FIG. 1 E . Examples 5, 8, 9 and 10 exemplify the use of this method.
Membrane stack 12 is then removed from the enclosure and washed in a buffer. In one embodiment (opaque or translucent membranes) the membranes layers are separated from one another, dried, and arrayed on a flat bed fluorescence scanner (not shown). The scanner then records the location and intensity of fluorescent tags 2 1 on each membrane. This data can be analyzed using a variety of software programs such as ImageQuant (Molecular Dynamics) to permit the user to quantitate and correlate the assayed multiple biomarker expression levels at given locations within the tissue section.
A fluorescence quencher can be used in the transfer strand to suppress light emission of the fluorescent tag until hybridization to the capture strand occurs on the layer (e.g. FRET);
useful fluorescence tags and fluorophore-quencher pairs can be used that are well known to one skilled in the art of fluorescence detection methods (these principles are outlined in the short report, "Fluorescence and Fluorescence Applications", 2005, available online from Integrated DNA Technologies, incorporated herein by reference in its entirety). The membrane stack may be dismantled such that each membrane is read separately, or the entire stack may be read by use of a confocal microscope if the individual membranes are transparent or translucent.
In some embodiments, an antibody may be provided with a covalently conjugated linker strand that is truncated and forms a low-affinity duplex with a transfer strand; the transfer strand may be subjected to thermal dissociation from the antibody during the transfer step by mild heating (e.g. by 15-30°C). In general, persons who are proficient in the art would recognize many ways to cause dissociation of various types of transfer complexes on the specimen, while providing for the subsequent binding of the transfer molecule to the capture layer.
In some embodiments, an arbitrary number of oligonucleotide sequence tags (for example, United States Patent 5,635,400), sometimes referred to as bio-barcodes, are identified that do not cross-hybridize when mixed in solution. In particular, the transfer oligonucleotides do not cross-hybridize to one another, and they do not cross-hybridize to the capture oligonucleotides of the other transfer oligonucleotides that are attached to the capture layers.
These embodiments enable modular expansion of the number of assays per run and a replicable assay development procedure all based on the universality of the oligonucleotide transfer / capture system as here employed. Similar universal multiplex assays have been developed as biochemical techniques, for example these have been used in microarray analysis of PCR products (Favis, R . et al (2000) Universal DNA array detection of small insertions and deletions in BRCAl and. BRCA2. Nat. Biotechnol. 18, 561-564).
In addition to use with tissue sections, oligonucleotide coated affinity membranes 12 and Ab/oligo conjugates 18 may be used in other testing formats, for example, assays of blood or other bodily fluids in a multi-well plate format in the same manner as that described for the Other principal reagents were N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide (EDC) hydrochloride, 4-morpholineethanesulfonic acid (MES) The membranes are coated with a wetting agent, poly(vinylpyrrolidone). Pair of membrane disks coated with ATP60 as in EXAMPLE 1 and washed with 6x SSPE buffer was incubated at a room temperature for 2 hours in 100 µl of 10 µM complementary Cy5 -labeled ATP25 in the buffer. Another pair of plain membrane disks was kept in the identical solution to serve as a control. Upon four 30 min-washings with the buffer the disks were transferred into designated wells of a 96 well plate and intensity of their red fluorescence was measured. The disks were further washed with 10% acetonitrile (thrice), 30% acetonitrile (once), and 6x SSPE buffer. The volume of each washing was 100 µl and intensity of the red fluorescence in the washings and resulting membranes is shown in FIG. 12. The data show that an oligonucleotide (ATP60) covalently bound to polycarbonate membrane preserves its ability to hybridize with a complementary oligonucleotide (ATP25).
Although ATP25 can interact with the plain membrane non-specifically (FIG. 12A) , 93.5% of it can be washed out by the employed washings (compare bars 1 and 7 in FIG. 12A) . The same washings leave 83% of ATP25 on the membrane coated with ATP60 (FIG. 12B, compare bars 1 and 7).
Another pair of membrane disks coated with ATP17 and washed as in EXAMPLE 1 was incubated at 50 0 C for 10 min in 100 µl of 25 µM complementary fluorescein-labeled ATP95 in 6x SSPE buffer. This was followed by the 3 hr annealing to a room temperature and washings with the buffer. Upon recording the green fluorescence intensity retained by the disks they were placed into a vial with 100 µl of 25 mM phosphate buffer, pH 7 and heated up to 60 0 C . In 15 min the solution from the vial was withdrawn and the heat extraction was performed two times more. Intensity of the green fluorescence in the discs before and after thermal dissociation as well as in the hot extracts is shown in FIG. 13. It is supposed that a duplex formed in solution by two complementary oligonucleotides can be destroyed (melted) at an elevated temperature. Data in FIG. 13 demonstrate that this is also happening when one of the two is immobilized on a track-etched polycarbonate membrane. The pair of ATP17 and ATP95 has an estimated melting temperature of 54 0 C .
Bars 2-4 in FIG. 13 relate to amount of ATP95 released from the immobilized duplex into solution at 60 0 C while bar 10 shows what remains (less than 7%) on the membrane after the thermal dissociation.
EXAMPLE 5. Hybridization in a stack of track-etched membranes of an oligonucleotide released from an antibody conjugate bound to an antigen. The complex of an antigen with an antibody-streptavidin conjugate and bound biotin-modified ATP73 was prepared on the irregularly shaped piece of a polycarbonate membrane as follows. First, the membrane was coated with rabbit IgG and then blocked with 1% BSA. Second, the membrane was incubated with a conjugate of the goat anti-rabbit antibody and streptavidin that retained ATP73. Upon washing with 4x SSC buffer contained 0.1% SDS the membrane was placed on a supporting polycarbonate PVP-coated disc and covered by a stack in that PVP-coated discs separated the discs with ATP62, ATP61, and ATP60 immobilized as in EXAMPLE 2 .
The concerted release of the ATP73 fragment and its hybridization with ATP60 were induced by placing on the stack's top a filter paper disc wetted with 4x SSC buffer contained 0.1% SDS and 5 mM Tris[2-carboxyethyl]phosphine hydrochloride (TCEP). After keeping the stack at 45 0 C for one hour it was disassembled and the discs were washed thrice with Ix SSC buffer contained 0.25% SDS at 47 0 C . Fluorescent images of the discs were registered using Storm 860 scanner (FIG. 14) . Intensity of the red fluorescence associated with each disc in the stack was also quantified using the microplate reader.
EXAMPLE 8 -Identification of Multiple Biomarkers From Breast Tumor Sections and
Comparison with Immunofluorescence histochemistry Breast cancer pathology specimens in paraffin blocks were purchased from a commercial tissue bank (Asterand, Inc. or Bioserve, Inc.), 5 µm sections were cut and prepared for staining with conventional immunohistochemistry sample preparation methods. Membranes were prepared by conjugation with oligonucleotides (ODNs) ATP61, ATP80 and ATP82 by the methods of Example 2, and were composed into four replicate stacks, also including an uncoated negative control membrane. Antibodies to assay targets ErbB2, ER (estrogen receptor) and CK7 (cytokeratins 7) were respectively conjugated with CY5 fluorescenttagged sense ODN, in the same manner as described above and shown in complex 40 on Figure 2B . These conjugates were used to bind conjugates to tissue sections by following a conventional IHC protocol. Either one or three conjugated Abs were used per slide. After the last washing step, coated membranes were equilibrated in release/hybridization buffer (4x SSC/0.1% SDS, 50 mM beta-mercaptoethanol) and applied on the slide for a 30 min incubation at 47 0 C . The stacks were dissociated, membranes washed in 2xSSC/0.1% SDS, rinsed in distilled water and dried before being scanned on bed flat scanner (Typhoon) with the results shown (Fig. 17A) . The data provide a comparison of the three conditions: a) The amount of conjugate bound on the slide before transfer of transfer strands (first image column); b) the amount of transfer strands transferred to capture membrane when one conjugate is applied to the tissue (rows 1-3 in image columns 2-5); and the amounts of transfer strands transferred to tissue when all three conjugates are incubated on the tissue together (row 4 in image columns 2-5). The control membrane without any antisense conjugated oligonucleotide had no signal (image column T). Selected image areas were quantitatively measured for CY5 fluorescence using ImageQuant software and the data were plotted (Fig. 17B ). In this experiment, single-staining data were proportional to multiplex data and were more intense.
Example 9. Further comparison of double staining triple staining
The same materials and methods of Example 8 were used, except that either one, two or three conjugates were applied together to one tissue section. The data (Fig. 18 ) indicate that the capture efficiency of the released ODN-cy5 to complementary membranes is not much affected by the presence of multiple conjugated antibodies. Quantitative analysis ( Fig 18B) indicated that the intensity of triple transfers (row 4) was nearly the same as that of double transfers (rows 2 and 3) or single transfers (row 1).
Example 10. Target localization in tissue using triple multiplex mode
The same materials and methods of Example 8 were used. In FIG. 19A , some of the target proteins seem to have been over-expressed in those manually circumscribed areas are imaged both on the slide before transfer (row 1) and on the membranes after transfer, such as: ErbB2 on membrane 60 (row 2) and CK7 on membrane 62 (row 3). Quantitative analysis in FIG.
19B indicates that overall intensities as measured in uniplex and triplex modes were indeed comparable, although those local intensity variations were less obvious.
What is claimed is:
1. A method of analyzing biomolecules in a tissue section comprising the steps of:
providing a stack of membranes, wherein each of said membranes has a different oligonucleotide attached thereto;
providing a set of antibodies that have specific affinity to the biomolecules in the tissue section, wherein each of said antibodies has conjugated thereto a cleavable oligonucleotide that can hybridize to the oligonucleotide attached to said membranes;
applying said antibodies to said tissue section in a manner that permits the antibodies to bind to the biomolecules;
cleaving said oligonucleotides from said antibodies;
transferring said cleaved oligonucleotides from said antibodies to said membrane stack whereupon the transferred oligonucleotide binds to complimentary oligonucleotides attached to the membranes;
detecting the hybridization of the transferred oligonucleotides.
2. An oligonucleotide coated track etched membrane comprising: a track etched membrane; and aminated oligonucleotides covalently bound at their amino group to a carboxyl or carbonic group of the track etched membrane.
3. An oligonucleotide coated track etched membrane comprising either of the two structures:
H -X--N-K-ODN 8. The method according to claim 7, wherein said condensing agent is a carbodiimide. 9 . The method according to claim 8, wherein carbodiimide is selected from the group consisting of Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride, 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide, and l-benzyl-3-dimethylaminopropylcarbodiimide.
10. The method according to claim 7, wherein said track etched membranes are selected from the group consisting of polyimide track etched membranes, polycarbonate track etched membranes, and polyethylene terephthalate track etched membranes. 11. The method according to claim 8, further comprising washing said oligonucleotide bound track etched membrane in a solvent having the capability to remove virtually any adsorbed aminated oligonucleotides.
12. The method according to claim 11, wherein said solvent is a polar aprotic solvent.
13. The method according to claim 12, wherein said polar aprotic solvent comprises acetonitrile.
14. The method according claim 7, further comprising the step of degassing said track etched membranes prior to exposing them to said aminated oligonucleotides.
15. The method according to claim 14, wherein said degassing occurs under vacuum pressure.
